Radiative and electroweak penguin decays of B mesons are flavor-changing-neutral-current processes that provide powerful ways to test the Standard Model at the one-loop level, to search for the effects of new physics, and to extract Standard Model parameters such as CKM matrix elements and quark masses. The large data samples obtained by the B-factory experiments BaBar and Belle, together with an intensive theoretical effort, have led to significant progress towards understanding these rare decays. Recent experimental results include the measurements of the b → dγ decays B → ρ(ω)γ, the observation of B → K ( * ) + − decays (together with studies of the associated kinematic distributions), and improved measurements of the inclusive B → Xsγ rate and photon energy spectrum.
INTRODUCTION
Radiative and electroweak penguin decays of B mesons are flavor-changing-neutral current (FCNC) processes that involve b → s or b → d transitions. In contrast to the dominant b → c decays (or the rare b → u decays), which occur at tree level, FNCN processes are described by loop or box diagrams at leading order in the Standard Model (SM).
The observation of B → K * γ by the CLEO experiment in 1993 [1] opened up this field and demonstrated that loop processes are indeed present at roughly the rate expected in the SM. The branching fraction B(B → K * γ) ≈ 4 × 10 −5 , while small, is large enough that thousands of such events are now observed in the B-factory data samples of the BaBar and Belle experiments, which together now contain about 10 9 Υ(4S) → BB events. Since the discovery of B → K * γ, the study of FCNC B decays has expanded into a broad physics program [2] involving electromagnetic, electroweak, and hadronic penguin processes; we discuss the first two of these in this paper. 
where m i is the mass of particle i, T ρ 1 (0) and T K * 1 (0) are the tensor form factors for B → ρ and B → K * transitions evaluated at four-momentum transfer q 2 = 0 (rapid hadronic recoil). The factor ΔR = 0.1 ± 0.1 [4] parametrizes SU (3) breaking effects and 1/m b power corrections to QCD factorization. The form factor ratio can be predicted more precisely than the individual form factors themselves, but it remains the dominant source of theoretical uncertainty. Using lightcone sum-rule techniques, Ball and Zwicky [3] 
The numerator in Eq. 1 refers to both ργ and ωγ final states. Because the signals are currently very small, current practice has been to use an appropriately weighted average over ρ + , ρ 0 , and ω modes. The weightings are based on the I-spin relation between the decay widths
, which results from the quark-model flavor wave functions of the ρ 0 and ω. Another issue is the presence of an additional amplitude for the B − → ρ − γ decay, which receives a small contribution from the annihilation diagram. In principle, this possibility is accounted for by the uncertainty on ΔR.
With a large amount of data, however, it would be cleaner to simply use the B 0 → ρ 0 γ decay only for the calculation. The first observation of b → dγ decays was made by Belle using a sample of 386M BB events [5] . The number of signal events in the three modes is ρ − γ (8.5), ρ 0 γ (20.7), and ωγ (5.7), for a combined significance of 5.1σ. Based on a sample of 347M BB events, BaBar has obtained [6] signals with a combined significance of 6.4σ. These measurements are complicated by the small branching fractions, the large background from continuum (e + e − → qq) processes, and peaking background from misidentified B → K * γ events. − → ρ − γ, the inverse of the expectation from isospin symmetry. The Belle paper reports a probability of 4.9% for the observed "isospin violation" to be equal or larger than what is measured. The BaBar data, however, do not exhibit this behavior and are consistent with isospin symmetry. This situation merits examination with more data. For the present, it has been the assumption to assume isospin symmetry and to regard the Belle pattern of branching fractions as simply a statistical fluctuation.
Using Eq. 1, one can then extract 
Within their uncertainties, these values are consistent with the recent CDF measurement [7] using B s mixing:
It is notable that these two methods for extracting |V td /V ts |, which are made using different physical processes with different theoretical uncertainties, yield consistent results. 
B → K + − AND B → K * + − IN THE STANDARD MODEL AND BEYOND
In contrast to B → K * γ, which is purely an electromagnetic penguin process, three distinct electroweak amplitudes contribute to the decays B → K ( * ) + − in the SM. These are shown in Fig. 1 and are the photon penguin, the Z penguin, and the W + W − box diagram. While the photon penguin is the most familar, its contribution is important only in the low q 2 region of phase space. The amplitude for
where P L and P R are the left-and right-handed chirality projection operators. In this expression, the short-distance physics is parametrized by the Wilson coefficients C i , which have been calculated at next-to-next-to leading order (NNLO) in the SM: C T 2 , and T 3 ) . Most of the theoretical uncertainty in the rates is due to uncertainty in these form factors. Figure 2 summarizes the status of the branching fraction measurements from BaBar, Belle, and CDF. BaBar [9] and Belle [10] have observed these processes for some time and have recently published results on kinematic distributions. CDF has just observed these processes and has presented preliminary results [11] . Averaging the BaBar and Belle measurements, the Heavy Flavor Averaging group [2] In B → K * + − , the lepton forward-backward asymmetry in the dilepton rest frame, A F B , has particularly interesting properties, because it is very sensitive to the interference between the different amplitudes in Eq. 4. The amplitudes are a function of q 2 , and the dependence of A F B on q 2 reveals not only the magnitudes of the C i , but also provides information on their relative signs. The signal yields used in these measurements are small, around 50 to 100 events, and there is clearly much more to be learned with more data. Studies of these distributions will be performed for many years to come, at the B-factories, the Tevatron, and at LHCb.
INCLUSIVE B → X s γ
The inclusive decay B → X s γ is a canonical process for studying the b → s transition [13] . The theoretical challenge of evaluating the QCD corrections involves calculating hundreds or even thousands of Feynman diagrams [16] . Theoretical uncertainties in NLO calculations are around the 10% level and NNLO calculations currently underway are expected to reach the 5% level of precision. Although the photon energy spectrum is insensitive to new physics, it is still of great interest because it can be used to extract m b , as well as information on the Fermi motion of the b-quark. Examples of theoretical predictions are given in Table 2 .
Experimentally, there are two approaches to B → X s γ. The fully inclusive approach, which relies on the high-energy photon and event-shape characteristics, is conceptually the most appropriate, because the final state X s is not in any way restricted. This method suffers from large backgrounds. An alternative, which has a stronger experimental signature, is to sum over as many exlusive modes as possible. In a recent BaBar measurement [17] , 38 exclusive modes were summed. Although the signal is cleaner, the limited set of reconstructable final states inevitably introduces a significant degree of model dependence.
BaBar [18] , Belle [19] , and CLEO [20] have all performed measurements of B(B → X s γ) using some version of the fully inclusive method. Recently, BaBar has performed an analysis in which a high-momentum lepton, which comes from the other B in signal events, is used to suppress continuum background. Figure 4 shows , where the first error is the combined statistical and systematic experimental uncertainty, the second error is associated with shape-function assumptions, and the third is due the correction for the b → dγ contribution. At the present level of precision, this value is in good agreement with the theoretical predictions given in Table 2 .
While the branching fraction provides a stringent test of the SM at the one-loop level, the pho- Hurth et al. [14] 3.61
+0.24
−0.40 ± 0.02 ± 0.24 ± 0.14 Neubert [15] 3.47 measurements. An example of such an analysis is the paper by Buchmüller and Flächer [21] , who use theoretical input from Gambino and Uraltsev [22] and experimental input from BaBar, Belle, CDF, CLEO, and DELPHI to extract m b = 4.590±0.025 (exp)±0.030 (HQE) GeV in the kinetic scheme. HQE refers to uncertainties associated with the heavy quark expansion.
CONCLUSIONS AND PROSPECTS
Studies of radiative and electroweak penguin decays have moved far beyond the observation of B → K * γ. This field will benefit greatly from the large increases in the data samples forseen for the future at the B factories, the Tevatron, and at LHCb, as well as from the critical contributions of our theoretical colleagues.
